METHOD AND SYSTEM FOR REDUCING SHORT CHANNEL EFFECTS IN A 
MEMORY DEVICE BY REDUCTION OF DRAIN THERMAL CYCLING 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present invention is related to U. S . Patent Application serial number 

filed on 1 and entitled "METHOD AND SYSTEM FOR REDUCING SHORT 

CHANNEL EFFECTS IN A MEMORY DEVICE FORMED USING A SELF-ALIGNED 
SOURCE" (1372P) and assigned to the assignee of the present invention. The present 

invention is also related to U. S. Patent Application serial number filed on and 

entitled "METHOD AND SYSTEM FOR REDUCING SHORT CHANNEL EFFECTS IN . 
A MEMORY DEVICE" (1373P) and assigned to the assignee of the present invention. The 

present invention is related to U. S. Patent Application serial number filed on 

and entitled "METHOD AND SYSTEM FOR REDUCING SHORT CHANNEL EFFECTS 
IN A MEMORY DEVICE THROUGH SELECTION OF A DOPANT" (1 374P) and 
assigned to the assignee of the present invention. 

FIELD OF THE INVENTION 

The present invention relates to semiconductor devices, such as flash memory 
devices, more particularly to a method and system for reducing short channel effects in a 
memory device, allowing for reduced gate lengths. 

BACKGROUND OF THE INVENTION 

A conventional semiconductor device, such as a conventional flash memory, 
includes a large number of conventional memory cells in a memory region. Typically, a 
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,ogic region at tire periphery of the semiconductor device inc.udes .ogic devices. For 
example, Figure 1 A depicts a side view of aportiou of a co„ve„.io„a, memory .0. The ,.gtc 
portion is not depicted in Figure .. The conventiona. memory 10 inc.udes memory «Us 20 
and 30. The memoty cells inCude gate stacks 25 and 35, respectively. The gate stack 25 
incl „des a floating gate 22 and a con.ro. gate 24. The floating gate 22 and control gate 24 are 
„ made of po.ysflicon and are separated hy an insulating ,ayer 23. The floating gate 
is typicaiiy separated from the substrate 11 hy a thin instating Cm 21. Simi.ar.y, the gate 
35 indudes a floating gate 32 and a contro. gate 34. The floating gate 32 and con.ro. 
gate 34 are typically made of polysilicon and are separated by an insulating .ayer 33. The 
floating gate is typicaiiy separated from the substrate , 1 by a thin instating film 31. Spacers 

drain ,4, whiie the memory ceil 30 inc.udes a drain .6. The source 12 typicaUy inc.udes two 
infants, a first, double diffuse imp.an. ("DDI") and a second, moderately doped drain 
implant ("MDDI"). The drain typically inc.udes only the MDDI implant Between the 
source 12 and drains 14 and 16 are channel regions 27 and 37, respectively. 

Figure .B depicts a p.an view of the conventiona, memory 10. The top, con.ro. ga.es 
24 and 34 are thus depicted. The floating ga.es 22 and 32, insulating layers 2. and 3. and 
instating .ayers 23 and 33 fie be.ow the confix,, gates 24 and 34. The source .2 and drains 
14 and 16 of the memory cells 20 and 30 are also depicted. In addition, the drains .4% .4", 
,,, and 16" and shared sources 12' and 1 2". of four ottter memory cel.s (no. separate* 
numbered) are a.so shown. Therefore, as can be seen in Figure .B, the g a.e stacks 20 and 30 
may include multiple memory cells. 
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Also shown in Figure IB are field oxide regions 42, 44, 46, 48, 50 and 52. The field 
oxide regions 42, 44, 46, 48, 50 and 52 electrically insulate portions of the memory cells of 
the conventional memory 10. For example, the field oxide regions 42 and 48 separate drain 
14 from drains 14' and 14". Similarly, the field oxide regions 46 and 52 separate drain 16 
from drains 16' and 16". Although only the field oxide regions 42, 44, 46, 48, 50 and 52 
that are uncovered are shown, field oxide typically exists under the control gates 24 and 34. 
As grown, the field oxide regions 42, 44 and 46 are connected beneath the control gates 24 
and 34, forming a single continuous field oxide region. Similarly, the field oxide regions 48, 
50 and 52 are connected beneath the control gates 24 and 34 as grown. Furthermore, 
although field oxide regions 44 and 50 are shown, these field oxide regions may be removed 
during fabrication to allow the sources 12, 12' and 12" to be electrically connected. 
Alternate conventional methods electrically isolate the memory cells using trenches or 
buried bit lines. Consequently, any structure which isolates memory cells will be termed a 
field isolation region. 

Figure 2A depicts one conventional method 60 for providing the conventional 
memory 10. The gate stacks 25 and 35 which cross the field isolation regions 42, 44, 46, 48, 
50, and 52 are provided, via step 62. The source and drain implants are then provided, via 
step 64. Typically the source implant includes a MDDI implant and a DDI implant, while 
the drain implant includes an MDDI implant. Typically, the DDI implant includes P at a 
concentration of approximately 1 x 10 13 - 5 x 10' 4 atoms/cm 2 and As at a concentration of 
approximately 5 x 10 14 - 8 x 10' 5 atoms/cm 2 . For the DDI implant, the P or As are implanted 
at an energy of approximately twenty to one hundred kilo electron .volts. The MDDI implant 
typically includes As at a concentration of approximately 5 x 10 14 - 8 x 10 1S atoms/cm 2 . The 
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drain taplan. also typically includes As a, a concentration of approximately 5 x 10" - 8 x 
10" atoms/cm'. The MDDI implant for the sonrce and the drain are typically provided 
together. 

A portion of each of me sources 12, 12' and 12" is desired to be under the gate to 
facilitate erasing through the source .2, .2' or 12". Thus, once the dopants are implanted in 
step 64, an anneal or oxidation is performed to drive the source dopants under the gate, 22 
and 32, via step 66. The sources 12, 12' and 12" extend under , he edges of the gate stacks 
25 and 35 because of step 66. The spacers 26, 28, 36 and 38 are then provided, via step 68. 
Step 68 typically includes depositing insulating layers and etching the layers to form the 
spacers. Thus, the memory cells 20 and 30 are completed. 

Figure 2B depicts a second conventional method 70 for providing the conventional 
memory 10. The gate stacks 25 and 35 which cross the field isolation regions 42, 44, 46, 48, 
50, and 52 are provided, via step 72. The first source implant and the drain implant are then 
provided, via step 74. Typically the firs, source implant includes a MDDI implant and a DDI 
implant, while the drain implant includes an MDDI implant. Typically, the DDI implant 
includes P at a concentration of approximately 1x10"- 5 x .0" atomaW and As at a 

concentration of approximately 5 x 10" - 8 x 10" atoms/cm'. For the DDI imp.ant, the P or 

AS are implanted a, an energy of approximately twenty to one hundred kilo electron volts. 

The drain implant also typically includes As at a concentration of approximately 5 x 10" - 8 

x 10 ,s atoms/cm 2 . 

Aportionofeachofthesonrces 12, 12' and 12" is desired to be under the gate to 
facilitate erasing through the source 12, «■ or 12". Tnus, once the dopants are implanted in 
step 74, an annea. or oxidation is performed to drive the dopants in ttte fit* source implant 
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i o i v anH 1 V 9 extend under the edges 
under the gates 22 and 32, via step 76. The sources 12, 12 and 12 

ofth e g a,es,ac l cs25a n d 35 beeau S eofs,e P 76.rhespa C e K 2«,2S,36and3 8 a re «he„ 
provided, via step 78. Step 78 typically includes depositing insulating .aye. and etchtng the 
^ to form the spacers. A self-aligned source ("SAS", etch is performed, via ,ep 80. The 
SAS etch removes the fie,d isolation regions 44 and 50 so that the source 12, 12' and .2 

7 0 t hespacer S areprovidedins,ep78he f oreU 1 eSASe t chispe rf o m ed i ns,ep80.Suc h an 

orferproteeuthe edge of*. ga.e •*» ^ 35 flomdamage during the SAS e.ch 
perfonned in s.e P 80. Once the SAS e.ch is performed, a seeond source implant and a source 

■a a ;o ctpn 82 The second source implant typically includes 
connection implant are provided, via step 82. The secon 

As 

' . Alt hou g h ,heconven.iona, memory 10h.nc.ions, one of ordinary skill in .he art will 

30may suffer from short chamre, effects. Itisdesirahletodecreasethesizeofconvennona, 
m emoryce,ls20and30inorfer t oincrea S e m ede reiW ofmemoryce., S 20and30inme 
convenuonaimemory.O.This may he accompli^hy decreasing me lengm of me floating 

of the gate stacks 25 and 35 decrease, me length of me channels 27 and 37 decrease. As the 

adversely affect the behavior of me memoty cel. 20. For example, shot channel effects may 

~, r.e.w on of 30 to drop below a desired level, 
cause the threshold voltage of the memory cell 20 or 30 to drop 

preventing the memory cell 20 or 30 from functioning reliably. 

^ i m , m orv cells 20 and 30 also have shorter channels 27 
Furthermore, the conventional memory cells an 
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and 37, respectively, than desired. Referring to Figures 1 A, 2A and 2B, because of the anneal 
steps 66 and 76, the source 12 is driven under the gate 22 and 32. This is desired because the 
source 12 is used to erase the memory cells 20 and 30. The drains 14 and 16, however, are 
used in programming the memory cell. The drains 14 and 16 need not be driven as far under 
the gate 22 an* 32, respectively. Furthermore, sharp drain junctions 14 and 16 are desirable 
for programming. However, the drains implants are also driven by the anneal steps 66 and 
76. Therefore, as depicted in Figure 1 A, the implants for the drains 14 and 16 are driven 
under the gates 22 and 32. As a result, the channels 27 and 37 are former reduced in size. 
Thus, the memory cells 20 and 30 are more subject to short channel effects, especially at 
higher densities and small gate lengths. 

Accordingly, what is needed is a system and method for providing the semiconductor 
device in which the short channel effects for a memory cell of a given size are reduced. The 
present invention addresses such a need. 

SUMMARY OF THE INVENTION 

The present invention provides a method and system for providing a semiconductor 
memory device. The method and system comprise providing a plurality of gate stacks above 
a substrate. Each of the plurality of gate stacks includes a first edge and a second edge. The 
method and system also comprise providing a source implant adjacent to the first edge of 
each of the plurality of gate stacks and driving the source implant under the first edge of 
each of the plurality of gate stacks. The method and system further comprise providing a 
drain implant after source implant is driven under the first edge. The drain implant is in the 
substrate adjacent to the second edge of each of the plurality of gate stacks. 
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According to the system and method disclosed herein, the present invention subjects 
the drain implant to less thermal cycling but still allows ,he source imp.au. to be driven 
under the gate stack. Consequently, memory ceils have me desired properties with reduced 
short channel effects. The length of the gates can thus be reduced, allowing for more 
memory cells to be fit in a given area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 A is a diagram depicting a side view of .portion of a conventional 
semiconductor memory device. 

Figure IB is a diagram of a plan view of the conventional semiconductor memory 

device. 

Figure 2A is a flow chart of one conventional method for providing conventional 

semiconductor memory device. 

Figure 2B is a flow chart of a second conventional method for providing 

conventional semiconductor memory device. 

Figures 3 is a flow chart depicting one embodiment of a method for providing a 
portion of a semiconductor memory device layer in accordance with the present invention. 

Figure 4 is a flow chart depicting another embodiment of a method for providing a 
portion of a semiconductor device in accordance with the present invention. 

Figure 5 is a diagram depicting a side view of a portion of a semiconductor memory 
device in accordance with the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to an improvement in semiconductor processing. The 
following description is presented to enable one of ordinary skill in the art to make and use 
the invention and is provided in the context of a patent application and its requirements. 
Various modifications to the preferred embodiment will be readily apparent to those skilled in 
the art and the generic principles herein may be applied to other embodiments. Thus, the 
present invention is not intended to be limited to the embodiment shown, but is to be 
accorded the widest scope consistent with the principles and features described herein. 

The current trend in semiconductor memory devices is toward higher densities and, 
therefore, smaller memory cell sizes. A conventional memory cell typically includes a gate 
stack having a floating gate and a control gate, a source, a drain and a channel between the 
source and the drain. In addition, spacers may be provided at the edges of the gate stack. In 
order to make conventional memory cells smaller, the length of the floating gate may be 
decreased. However, this causes a decrease in the length of the channel. As a result, the 
conventional memory cell may be subject to short channel effects, which adversely affect 
operation of the conventional memory cell. Furthermore, conventional processes for 
fabricating conventional memory cells typically drive the source and drain implants under 
the floating gate. The source implant is desired to be driven under the floating gate in order 
to facilitate erasing of the conventional memory cell. However, sharp drain junctions are 
desirable for programming. Driving the drain implant and the source implant further under 
the gate further shortens the channel of the conventional memory cell. Consequently, the 
conventional memory cell may be further subject to short channel effects. 

The present invention provides a method and system for providing a semiconductor 
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memory device. Th. method and system comprise providing a plurality of gate stacks above 
a substrate. Each of the plurality of gate sucks includes a first edge and a second edge. The 
method and system also comprise providing a source implant adjacent «o me firs, edge of 
each of me plurality of gate slacks and driving the source imp .ant under me firs, e4ge of 
each of me plurality of gate stacks. The method and system further comprise providing a 
drain implant after source implant is driven under me firs, edge. The drain implant is in me 
substrate adjacentto me second edge of each of me pluralify of gate stacks. 

The present invention will be described in . arms of a particular device having certain 
componen^andparticu.ar.echniquesforperformingcertainsleps. However, one of 
ordinary ski.l in the art will readily recognize ma, this method and system wiU operate 
effectively for other devices having other components and fabricated using Cher techniques. 
For example, other species could be used for me implant. Similariy, processes which do or 
do no, use a self-atigned source technique are consistent with me presen, invention. 
Furthermore, me presen, invention will be described in terms of a particular semiconductor 
memory device. However, nofhing prevents the method and system from being utilized with 

another semiconductor device. 

To more particularly illustrate me method and system in accordance with the present 
invention, refer now to Figure 3 depicting one embodimen, of a method 100 for providing a 
semiconductor memory device, such as a flash memory, in accordance with the present 
invention. Gafe stacks are provided, via step 102. Generally, me gate stack includes a 
nesting ga,e separated from an. underlying substrate by a dun insulating layer, a control gate, 
and an insulating layer which separates the control gate from the floating gafe. Preferably, 
the floating gate and control gate are provided by providing polysi.icon lines which are 
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substantially perpendicular to the field isolation regions. The gate stacks also generally cross 
field isolation regions. The field isolation regions are preferably perpendicular to the gate 
stacks. 

Once the gate stacks have been provided, a source implant is provided, via step 104. 
In one embodiment, the source implant includes a first implant and a second implant. The 
first implant is a double diffused ("DDI") implant, while the second implant is a moderately 
doped drain implant ("MDDI"). However, the second, MDDI implant is only performed for 
the source. The DDI implant preferably includes P at a concentration of approximately 1 x 
10' 3 - 5 x 10' 4 atoms/cm 2 and As at a concentration of approximately 5 x 10 u - 8 x 10 15 
atoms/cm 2 . For the DDI implant, the P or As are implanted at an energy of approximately 
twenty to one hundred kilo electron volts. The MDDI implant is preferably As at a 
concentration of 5 x 10' 4 - 8 x 10 ,s atoms/cm 2 . 

The source implant is driven under the edge of the gate stacks, via step 106. 
Preferably, step 106 is accomplished by annealing the source implant or oxidizing the source 
implant. For example, in one embodiment, step 106 may include heat treating the 
semiconductor device in a furnace with nitrogen or oxygen gas at eight hundred to one 
thousand degrees Celsius for between twenty and two hundred minutes. In a preferred 
embodiment, the heat treatment is at approximately nine hundred degrees Celsius for 
approximately forty minutes. Thus, in one embodiment, the DDI implant and the MDDI 
implant are thermally cycled in step 106. In a preferred embodiment, the driving step 106 
also anneals out source damage that may be introduced during the source implant. 

A drain implant is then performed, via step 108. The drain implant is performed after 
the driving step 106. Preferably, the drain implant is also a MDDI implant. The drain 
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implant provided in step 108 may include As at a concentration of approximately 5 x 10 u - 
8 x 10 15 atoms/cm 2 . However, another dopant may be used. For example, a dopant which is 
less likely to diffuse may be used. Additional processing, including thermal cycling may 
then be provided to complete fabrication of the memory, via step 1 10. The subsequent 
thermal cycling that may be performed in step 1 10 may include a rapid thermal anneal to 
repair damage to the memory device incurred during processing. This anneal might include 
heat treating the device in nitrogen at a temperature of nine hundred to one thousand degrees 
Celsius for ten to thirty seconds. Processing of the semiconductor memory device can then 
continue to completion. 

In a semiconductor memory device formed according to the method 100, the dram 
implant is not subject to the driving step 106. Consequently, the drain implant will not be 
driven as far under the gate stack than in the conventional methods 60 or 70 (Figures 2A and 
2B). Thus, for a given gate length, the channel will be longer for memory cells of a memory 
device fabricated in accordance with the method 100. Consequently, short channel effects 
are mitigated, allowing the gate length to be reduced while achieving the same performance. 
A memory device fabricated using the method 100 can, therefore, have a higher density of 
memory cells. 

Figure 4 depicts another embodiment of a method 150 for providing a memory 
device in accordance with the present invention. Steps 152-158 are analogous to step 102- 
108 of the method 100 depicted in Figure 3. Referring back to Figure 4, gate stacks, which 
may cross field isolation regions, are provided, via step 152. Preferably, the floating gate and 
control gate are provided by providing polysilicon lines which are substantially 
perpendicular to the field isolation regions. A source implant is then provided, via step 154. 
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Preferably, the source implant includes both the DDI and MDDI implants. However, in 
another embodiment, the source implant may include only a firs,, DDI implant. Preferably 
the DDI implant includes As and P at the concentrations and energies discussed above. The 
MDDI itnplan, preferably includes As at the concentrations and energies discussed above. 

The first source implant is driven under the edge of the gate stacks, viastep 156. Step 
1 56 is preferably accomplished by annealing the first source implant or oxidizing the first 
source implant. For example, in one embodiment, step 156 may include heat treating the 
semiconductor device in a furnace with nitrogen or oxygen gas at eight hundred to one 
thousand degrees Celsius for between twenty and two hundred minutes. In a preferred 
embodiment, the heat treatment is at approximately nine hundred degrees Celsius for 
approximatelyfortyminu.es. The driving step 1 56 may also repair surface damaged 

introduced by the source implant. 

A drain implant is performed, via step 1 58. The drain implant is performed after the 
driving step 156. Preferably, the drain implant is also a MDDI implant. The drain implant 
provided in step 158 may include As at a concentration of approximately 5 x 10" - 8 x 10" 
atoms/cm'. However, another dopant may be used. For example, step .58 cou.d use a dopant 
which is less likely to diffuse than the dopants used in the source implant. 

Additional processing, including thermal cycling may then be provfded to complete 
fabrication of the memory, via step 160. The subsequent thermal cycling that may be 
performed in step 160 may include a rapid thermal anneal to repair damage to the memory 
device incurred during processing. This rapid thermal anneal might include heat Beating the 
device in nitrogen at a temperature of nine hundred ,o one thousand degrees Celsius for ten 
,„ thirty seconds. Spacers may also be provided, via step 162. The spacers typically include 
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a first spacer on one side of the gate stack and a second spacer on the opposite side of the 
gate stack. Step 1 62 generally includes depositing insulating layers and etching the layers to 
form the spacers. In one embodiment, step 162 forms both the spacers in the core, memory 
region of the memory device and spacers for logic devices at the peripheral, logic portion of 
the memory deVice. The spacers may be of a range of thicknesses and materials. For 
example, oxide spacers may be used. In one embodiment, the oxide spacers between 1400 
and 2000 Angstroms and are preferably approximately 1700 Angstroms. Nitride spacers 
might also be used. In one embodiment, the nitride spacers are between two hundred and 
three hundred Angstroms in thickness. 

A self-aligned source ("SAS") etch of field isolation regions between sources may be 
provided in step 164. A connection implant which electrically couples the sources may then 
be provided, via step 1 66. In one embodiment, the second, MDDI source implant may be 
provided in step 166 instead of in step 154. Fabrication of the semiconductor memory device 
thus proceeds to completion. 

In a semiconductor memory device fabricated in accordance with the method 150, 
the source is driven under the gate stack. However, the drain implant is not subject to the 
driving step 156. Consequently, the drain implant will not be driven as far under the gate 
stack than in the conventional methods 60 or 70 (Figures 2A and 2B). Thus, for a given gate 
length, the channel will be longer for memory cells of a memory device fabricated in 
accordance with the method 150. Consequently, short channel effects are mitigated, 
allowing the gate length to be reduced while achieving the same performance. A memory 
device fabricated using the method 1 50 can, therefore, have a higher density of memory 
cells. Furthermore, the SAS etch allows for the sources to be electrically connected. If at 
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least the spacer on the source side of the gate stack is provided prior to the SAS etch, the 
spacer may protect the gate stack from damage during the S AS etch. 

Figure 5 depicts a side view of a portion of a memory device 200, such as a flash 
memory, fabricated in accordance with the method 100 or 1 50. Note that a logic portion, 
which may be part of the memory device 200, is not depicted in Figure 5. The memory 200 
includes memory cells 210 and 220. The memory cells include gate stacks 215 and 225, 
respectively. The gate stack 215 includes a floating gate 212 and a control gate 214. The 
floating gate 212 and control gate 214 are typically made of polysilicon and are separated by 
an insulating layer 213. The floating gate is typically separated from the substrate 201 by a 
thin insulating film 211. Similarly, the gate stack 225 includes a floating gate 222 and a 
control gate 224. The floating gate 222 and control gate 224 are typically made of 
polysilicon and are separated by an insulating layer 223. The floating gate is typically 
separated from the substrate 201 by a thin insulating film 221. Spacers 216 and 21 8 and 
spacers 226 and 228 are provided at the edges of the gate stacks 215 and 225, respectively. 
The memory cells 210 and 220 also chare a common source 206. The memory cell 210 
includes a drain 204, while the memory cell 220 includes a drain 208. Between the source 
206 and drains 204 and 208 are channel regions 217 and 227, respectively. 

Because the drain implant provided in step 108 or 1 58 is subject to less thermal 
cycling, the drains 204 and 208 extend less far under the edges of gate stacks 215 and 225. 
However, the source implant performed in step 104 or 154 was driven under the gate stacks 
215 and 225 in step 106 or 156, respectively. The source 206, therefore, extends under the 
gate stacks 215 and 225 as desired. Consequently, erasure using the source 206 is possible. 
The memory cells 210 and 220 can also be programmed using the drains 204 and 208, 
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220 which are more densely packed. 

A method and system has been disclosed for providing a memory deviee having 
reduced short channe! effects. Ahhough .he present invention has heen described in 
accordance with the embodiments shown, one of ordinary W in the ar, wiU readi.y 
recognizethat there conid be variations ,o the embodiments and those variations wou.d be 
wUhmthespiri, and scope of the present invention. According,, many modifications may 
he made by one of ordinaty ski., in the ar, without departing from the spirit and scope 
appended claims. 
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